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ABSTRACT 


Three  feeding  trials  were  conducted  with  swine  sired 
by  two  sires  of  each  of  three  breeds.  The  first  and  second 
trials  determined  the  effect  of  season,  sex  and  sire  upon  feed- 
lot  performance  and  carcass  characteristics  of  swine  under 
restricted  feeding.  The  second  and  third  trials  tested  the 
effects  of  method  of  feeding,  sex  and  sire  on  feedlot  oer^orm- 
ance  and  carcass  characteristics.  A  fourth  trial,  conducted 
with  pigs  from  four  sires,  tested  the  effects  of  sex  and  sire 
on  feedlot  performance  and  carcass  cha racteristi cs  on  a 
system  of  ad  libitum  feeding.  The  usefulness  of  "Lean -meter" 
probes  for  predicting  carcass  backfat  measurements,  and  of  a 
body  length  measurement  for  predicting  carcass  length,  were 
studied.  Apparent  digestibilities  of  dry  matter  an  crude 
protein,  determined  by  the  use  of  Cr^O^  as  a  reference  substance, 
were  presented.  The  gross  and  error  correlations  among  feedlot 
performance  and  carcass  characteristics  were  calculated. 

Differences  in  gain  and  efficiency  of  feed  utilization 
between  winter  and  summer  seasons  were  likely  due  to  lower 
maintenance  requirements  in  the  summer  season.  Differences 
in  gain,  efficiency  of  feed  utilization,  backfat  thickness 
and  loin  area  between  restricted  and  liberal  feeding  trials 
were  probably  due  to  the  greater  excess  of  nutrients  over 
maintenance  requirements  under  liberal  feeding. 

Under  restricted  feeding  females  gained  faster  on  the  same 
amount  of  feed,  and  were  leaner  than  males  robably  because  they 
produced  relatively  more  lean  tr.an  fat  tissue  than  did  males, 


selection  pressure  for  any  one.  However,  differen  in 
voluntary  feed  consumption  could  not  be  expressed  unde^ 
restricted  feeding. 


and  possibly  because  of  lower  maintenance  reouir ements .  Under 
liberal  feeding  males  gained  faster,  were  less  efficient  and 
had  fatter  carcasses  than  females  because  they  consumed  more 
feed  ana  had  a  greater  excess  of  nutrients  over  maintenance 
requirements. 

Under  restricted  feeding  sire  groups  differed  in  average 
daily  gain,  efficiency  of  feed  utilization  and  loin  area  probably 
because  of  differences  in  the  nature  of  their  gains  and  in 
maintenance  requirements.  Under  liberal  feeding,  differences 
in  the  amount  of  nutrients  available  for  growth  resulting 
from  differing  feed  consumption,  as  well  as  differences  in 
the  nature  of  the  gains,  were  probably  responsible  for  the 
differences  in  average  daily  gains,  efficiency  of  feed 
utilization  and  backfat  thickness  between  sire  groups. 

"Lean-meter ,f  probes  bore  a  close  enough  relationship  to 
carcass  backfat  measurements  to  be  of  use  in  predicting  R.O.i'. 
backfat  measurement s.  The  body  length  measurement  showed  only 
a  fair  degree  of  relationship  to  carcass  length. 

Apparent  digestible  dry  matter  and  crude  protein  varied 
only  between  different  levels  of  nutrition  and  were  not  strongly 
associated  with  any  of  the  other  characteristics  studied. 

Under  restricted  feeding,  hig-  er  average  daily  gains  were 
associated  with  lower  feed  requirements  and  thinner  backfat. 

Under  liberal  feeding  higher  average  daily  gains  were 
associated  with  hi  ;h  er  feed  requi  rement§ ,  thicker  backfat  and 
Her  loin  areas.  Selection  pressure  for  --ny  of  these  traits, 
where  testing  is  done  under  restricted  feeding,  would  have  an 
advantage  in  that  all  desirable  traits  could  be  improved  through 
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INTRO  DUCTION 


One  of  the  objectives  of  swine  breeding  research  is 
the  development  of  methods  of  selecting  individuals  that  will 
produce  carcasses  desirable  for  food  consumption  and  that  will 
have  also  the  feedlot  characteristics  necessary  ^or  economic 
production.  Present  standards  of  carcass  Quality  emphasize 
the  importance  of  a  high  ratio  of  lean  to  fat  in  the  edible 
portion  of  the  carcass.  Rapid  growth  rate  and  efficient  use 
of  feed  are  feedlot  characteristics  of  considerable  importance 
in  economic  swine  production. 

In  order  to  improve  these  traits  through  breeding, 
effective  and  easily  measured  selection  criteria  must  be  used. 
Visual  estimates  of  carcass  characteristics  and  linear  body 
measurements,  while  easily  obtained,  have  not  in  the  past 
proven  effective  for  general  use  in  the  improvement  of  carcass 
characteristi cs . 

After  suitable  selection  criteria  have  been  found,  it 
is  important  to  know  what  changes  might  be  expected  in 
alternate  traits  as  a  result  of  selection  pressure  for  any 
one  characteristic.  The  present  study  was  designed  to  evaluate 
the  relationships  which  exist  among  important  characteristics 
of  swine,  under  restricted,  liberal  and  ^d  libitum  feeding  re  iae 
in  order  that  improved  criteria  for  selection  and  more  efficient 
testing  procedures  might  be  evolved. 


. 
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RiSVIJd  OF  LIT-.i^iTUrlxj 

A .  Factors  Affecting  Swine  Performance  and  Carcass  Characteristics 

1 .  The  Influence  oi'  Bex 

The  difference  between  males  and  females  in  performance 
and  carcass  characteristics  is  largely  a  result  of  their 
differences  in  relative  body  fatness. 

Carcasses  of  female  swine  had  lesser  backfat  thickness 
(A.B.T.)  than  did  those  from  males  (Fredeen,  1953?  Hetzer 
et  al . ,  1956;  Fredeen  and  Jonsson,  1957;  Berg  and  Bowland, 

1956;  Bruner  et  al. .  195b;  Bowland,  1959;  Reddy  et  al. ,  1959)* 
Castrated  males  (barrows)  had  a  higher  average  daily  gain 
(A.D.G.)  than  did  females  under  similar  conditions  (Fredeen, 

1953;  Berg  and  Bowland,  1958;  Reddy  et  al.,  1959).  In  a  study 
of  individually-fed  Danish  swine,  Fredeen  and  Jonsson,  (1957) 
found  that  females  gained  1.7  per  cent  faster  than  did  males, 
and  were  also  more  efficient  in  feed  utilization  than  were 
males . 

Many  workers  found  that  gilt  carcasses  had  larger  loin 
areas  than  did  carcasses  from  barrows  (Fredeen,  1953; 

Harrington  and  Pomeroy,  195*+;  Berg  and  Bowland,  195b;  Bruner 
et  al.,  1958;  Bowland,  1959)  and  that  carcasses  from  gilts 
were  longer  than  those  from  barrows  (Fredeen,  1953?  Berg  and 

Bowland,  1958;  B^xland,  1959)  • 

as  a  result  of  having  thinner  backfat,  greater  loin  areas 

and  carcass  length,  carcasses  irom  gilts  usually  received 
higher  Record  of  Performance  (R.O.P.)  scores  (Anonymous,  1^59) 
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than  did  those  from  barrows  (Fredeen,  1953;  Fredeen  and 
Lambro ught on,  1956;  Berg  and  Bowland,  1958;  Bowland,  1959). 

As  the  score  of  the  litter  increased  the  disparity  in  R.O.P. 
score  between  sexes  also  increased  (Fredeen  and  Lambr ought on, 
1956) . 

2 .  The  Influence  of  Genotype 

Genetic  differences  in  efficiency  of  feed  utilization 
we  re  found  in  swine  by  Galmela  et  al . ,  (I960)  and  in  rats 
by  Palmer  et.  al .  (19^6).  additive  genetic  factors  influenc¬ 
ing  efficiency  of  feed  utilization  accounted  for  50  per  cent 
(Dickerson,  19^7) >  ana  for  males  and  females  respectively, 

45  and  72  per  cent  (Fredeen  and  Jonsson,  1957)  of  tne  variation 
in  efficiency  of  feed  utilization. 

Differences  in  A.D.G.  were  attributed  to  fat  deposition 
rather  than  bone  or  muscle  differences  by  Dickerson  (19^7) > 
who  found  a  correlation,  within-sir e-and-lines ,  of  +0.6 
between  A.D.G.  and  degree  of  fatness.  Estimates  of  the 
heritability  of  A.D.G.,  reviewed  by  Fredeen  (1953)?  ranged 
from  0.18  to  0.58,  while  that  of  Dickerson  (19^7)  was  0.33- 
In  Danish  swine  the  heritable  portion  of  the  differences  in 
A.D.G.  was  66.5  per  cent  for  males,  and  35*1  per  cent  for 
females  (Fredeen  and  Jonsson,  1957)  •  However,  very  low 
estimates  of  heritability  of  A.D.G.  were  found  by  Reddy  et  al. 
(1959),  Breed  differences  (Berg,  1959)  and  sire-treat 
interactions  in  A.D.G.  oi  swine  have  been  reported  (Erist- 

jansson,  1957;  Salmela  et.  al . ,  i960)  • 

DePape  and  V/hatley  (1956)  found  that  crossbreds  ..eie 
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intermediate  in  A.B.T.  between  parent  breeds,  sutooesting 
that  they  genes  influencing  backfat  deposition  acted  largely 
in  an  additive  manner.  Heritability  of  backfat  was  esti  ated 
at  .12  to  .00  (reviewed  by  Fredeen,  1953)  •  Other  evidence  of 
the  genetic  influence  on  A.B.T.  determination  were  the  sire 
effects  and  sire-treatment  interactions  xound  in  swine  populations. 
(Stothart,  1938;  Cole,  1957;  Fredeen  and  Jonsson,  1957;  Krist- 
jansson,  1957;  Berg  and  Bowland,  1958;  Berg,  1959). 

Dickerson  (19^7)  suggested  that  rapid  fat  deposition  and 
low  feed  requirements  were  influenced  by  the  same  genes. 

The  additive  genetic  component  of  loin  area  was 
estimated  at  65 • 6  per  cont  on  a  within-year-and-province 
basis  (Fredeen,  1953.)  •  Sire-treatment  interactions  (Krist- 
jansson,  1957)  and  strain  differences  (Berg  and  Bowland,  1958) 
in  loin  area  nave  been  reported.  Significant  carcass  length 
differences  between  breed  crosses  were  found  by  Berg  and 
Bowland  (1956).  The  heritability  of  carcass  length  in  Canadian 
Yorkshires  was  estimated  at  .*+0  (Fredeen,  1953)  and  «‘rT 
(Stothart,  19^7)* 

Total  R.O.P.  score  varied  significantly  between  swine 
strains  (Berg  and  Bowland,  1958),  and  was  estimated  to  be 
35  per  cent  heritable  (Stothart,  19^7). 

3 •  The  Influence  of  Method  of  Feeding 

Experimental  work  in  the  past  has  shown  that  restriction 
...  ,c  of  50  -  ^5  per  cent  o.  full-feeding 

has  resulted  in  greater  efficiency  of  feed  utilization  in  swine. 
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(Crampton,  1937;  Winters  et  al . ,  19^9;  Tribble  et  al . ,  1996; 
Cole,  1997?  Braude  et  al . ,  1996;  Berg  and  Bov/1  and ,  1996; 

Merkel  ejt  al . ,  199Ba;  oalmela  et_  al.  ,  I960).  This  henomenon 
is  expected  because  gains  made  under  iimiteu  feeding  are 
thought  to  be  composed  more  of  lean  meat,  and  to  be  of  lower 
caloriiic  valoce  than  are  those  gains  maae  unaer  ad  libitum 
feeding  (Winters  e_c  al . ,  19^9;  Tribble  et  al. ,  1996).  However, 
greater  feed  restriction  would  result  in  lowered  eificiencies 
when  insufficient  nutrients  were  available  above  maintenance 
requirements  for  body  growth  (Morrison,  1996). 

Conversely,  if  more  nutrients  per  day  are  fed,  trier e  is 
a  ^reater  supply  oi  nutrients  above  body  maintenance  require¬ 
ments  available  xor  weight  gains  (Tribble  et  al.,  1996).  This 
would  explain  the  high  positive  correlation  found  between 
daily  gain  and  average  amount  of  nutrients  per  uay  (Crampton, 
1940 ;  Headley,  1946 ;  Tribble  et  al.,  1996;  Berg  and  Bowland, 
1998;  Merkel  et  al. ,  1998a;  Salmela  et  al.  ,  I960).  However, 
Cole  (1997)  found  that  dilution  of  the  ration  with  up  to  30 
per  cent  of  corn  cobs  aid  not  affect  A.D.G.  in  swine. 

Limited  feeding  altered  the  rario  of  fat  to  lean  in  ihe 
carcass,  as  fat  is  the  store  of  excess  energy  (McMeekin,  194)). 
Experimental  evidence  a. or  the  reduction  of  carcass  fat  on 
limited  feeding  has  been  found  by  Tribble  et  al.  (1996),  cole 
(19 97),  Berg  and  Bowland  (1998),  Merkel  et  al.  (195&&)  >  nowlana 
(1999)  and  Berg  and  flan.:  (I960).  However,  no  lif icant 

Increase  in  loin  area,  (  a  measure  oi  carcass  1  ann€  ss)  w-s 
established  by  Berg  and  Bowland  (1>9oj,  nor  by  He- ..el  Qy_ 


(1998b) . 
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Col 3  (1957)  and  Berg  and  Bowl and  (1958)  found  no 
significant  effect  of  average  daily  feed  u^on  carcass 
length,  but  Crampton  (1937)  found  that  self-fed  pigs  were 
shorter  tnan  hand -fed  pigs  and  Merkel  et  al.  (1958a)  found 
a  correlation  of  -0.711  between  length  of  carcass  anc  per 
cent  T.D.N.  in  the  ration. 

Merkel  et_  al .  ( 1958a )  also  found  a  significant  correlation 
(r  =  .819)  between  per  cent  T.D.N.  in  the  ration  and  dressing 
p  ercentage. 

4 „  The  Influence  of  Environment 

The  influence  of  environment  on  performance  and  ouality 
appears  to  be  a  result  of  the  differing  mainteance  requirements 
of  pigs  due  to  different  temperatures  and  different  amounts 
of  exercise.  It  has  been  found  that  extremely  hot  or  cold 
weather  will  irGEiase  the  naintenance  requirement  of  the  animal, 
lowering  the  animal’s  efficiency  of  feed  utilization  (Morrison, 
1956).  Pigs  fed  during  the  fall  and  winter  had  lower  average 
daily  gains  than  those  fed  in  spring  and  summer  (Fward  shL  > 
1927;  Crampton  and  Ashton,  1946;  Reddy  et  al.  .  1959),  while 
those  fed  outside  gained  more  slowly  than  those  fed  inside 
or  confined  to  dry  lot  (Bowland  and  Berg,  1959;  Red  'y  et  al.  . 

1959;  Berg  and  Plank,  1960). 

Differences  in  gain  between  testing  stations  were  reported 
by  otothart  (1938),  Fredeen  (1953)  and  Fred een  and  Jonsson  (1957 )  # 

Dickerson  (1947)  estimated  that  environment  caused  l/6 
of  the  variations  in  A.  D.G.  of  swine,  while  Fredeen  and  Jonsson 
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(1957)  estimated  within-year-stat ion  environmental  differences 
in  A.D.G.  at  33  per  cent  for  males  and  65  per  cent  for  females 
in  Danish  swine.  Environment  has  been  estimated  to  cause 
from  2o  per  cent  ( Blunn  and  Baker,  1947)  to  52  to  62  per  cent 
(Fredeen,  1953)  of  the  variation  in  average  backfat  thickness. 

Reddy  et  a  1.  (1959)  and  Berg  and  Blank  (i960)  found  that  average 

backfat  thickness  was  less  for  outside-raised  pigs. 

5.  Other  Factors  Influencing  ^erforinrnce  and  Characteristics 

Initial  weight  of  the  animals  at  the  start  of  a  feeding 
trial  had  an  effect  on  average  dai  ly  gains,  as  shown  by  their 
intra-litter  correlation  of  0.24  found  by  Miranda  et,  al.  (1946). 

Stothart  11938)  and  Fredeen  (1953)  stated  that  carcass 
weight  had  a  substantial  effect:  on  backfat  thickness,  length 
and  loin  area.  Harrington  and  Pomeroy  11954)  agreed  with 
the  effect  of  carcass  weight  on  length,  while  Hammond  and 
Murray  (19  37)  found  that  the  liveweight  of  the  pig  affected 
dressing  percent  ge  more  than  did  breed  or  tyne. 

B .  Relationships  Between  Performance  Characteristics 

It  has  been  assumed  that  there  exists  a  high  correlation 
between  rat e-of -gain  and  efficiency  of  feed  utilization. 

However,  this  correlati on  may  be  largely  spurious.  Under 
certain  conditions  tne  correlation  is  low,  the  higher  correlations 
being  found  only  in  groups  of  animals  of  the  same  weight 
(Knapp  and  Baker,  1944;  Berg,  1960 j. 
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High  negative  correlation  between  average  dairy  g^in 

fiieiency  01  feed  utilization  has  been  re  or  ted.#  r^x^m  1  e  s 
are:  tne  gross  correlation  of  -0#59  found  by  Evvard  et  al. 

(1927) j  the  6enstxc  correration  or  —0.7 o  or  Dickerson  and  uri 
Q9 V/),  the  phenotypic  correration  of  -0.96  found,  in  Danish 
swine  on  individual  feeding,  by  fredeen  and  Jonsson  (1957)  5 
tile  genetic  correlation  of  -0.53  found  oy  nei.er  et  al.  (195o) 
and  the  correlation  of  -J.fi  between  efficiency  of  feed 
utilization  and  race  of  maturity  in  Yorkshire  swine  found  by 
Stothart  (193&)  . 

Avera  e  daily  gains  haa  an  effect  on  carcass  cnaraeter- 
istics  in  the  findings  of  Braude  et,  eh.  (i958),  in  which  slower 
growing  pi0s  were  longer,  leaner  ana  had  greater  loin  areas, 
while  there  was  no  suggestion  of  any  relationship  of  A.D.G. 
to  carcass  length  nor  leanness  in  the  work  of  Crampton  (19^0), 
nor  to  loin  area  in  the  work  of  Berg  and  Plank  (i960),  while 
Tribble  et,  al.  (1956)  found  a  small  negative  correlation 
(r  =  -0.20)  between  A.D.G.  and  loin  area. 

Average  backfat  thickness  was  highly  correlated  with  other 
carcass  characteristics  in  previous  studies.  Aunan  and  Winters 
(19^9)  found  it  to  be  correlated  with  lean  content  of  the  carcass 
(r  =  -0.62)  and  with  dressing  percentage  (r  =  0.66).  Average 
backfat  thickness  was  negatively  related  to  length  of  side 
(Hammond  and  Murray,  1937;  Fredeen,  1953;  Harrington  and 
Pomeroy,  195^+;  Braude  et  al#.  1957;  Fredeen  and  Jonsson  1957)? 
but  with  little  association  between  these  traits  found  by 
Sinclair  and  Murray  (1935)*  Average  backfat  thickness  was 
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positively  related  to  loin  area  (Stothart,  1938 J  and  to  average 
daily  gain  (Blunn  and  Baker,  1947;  Dickerson,  1947;  Tribble 
et  al. ,  1956 ) . 

Loin  area  was  found  to  be  negatively  correlated  with  length 
of  carcass  in  Canadian  Yorkshire  swine  by  Stothart  (1938)  and 
by  Bredeen  (1953),  where  carcass  weight  was  constant. 

C .  Backfat  Measurements  on  Live  Animals 

The  degree  of  success  in  the  use  of  the  "Lean-meter " 

(Berg  and  Bow  1  and  ,  1956)  to  measure  backfat  thickness  on 
live  animals  was  reflected  in  the  correlation  coefficients 
found  between  live  probes  and  carcass  backfat  measurements. 

These  correlation  coefficients  ranged  from  0.48  ( Anomymous 
O.A.C.  19  57)  to  r  =  0.7  to  r  =  0.8  (Berg  and  Bowland,  1956; 

DePape  and  Whatley,  1956;  Brunstad  and  Bowler,  1959).  The 
technique  has  been  accepted  as  being  of  sufficient  accuracy 
for  use  in  livestock  improvement  (Iietzer  et.  al.  .  1956;  Tribble 
at  al. ,  1956;  Holland  and  Hazel,  1958).  Berg  and  Bowland 
(1956)  found  that  the  average  of  3  backfat  probes  was  also 
related  to  total  R.O.P.  score  (r  =  -0.65)  and  to  loin  area 
(r  z  -0.33) . 

D .  The  Use  of  Chromic  Oxide  (Cr. > 0^)  as  an  Index  Substance 

in  the  Determination  of  Digestibility. 

Success  in  the  use  of  chromic  oxide  (Cr ^0^)  as  a  reference 
substance  in  digestion  studies  has  been  reported  by  Schurch 
et  al .  (1952),  Clawson  et  al..  (1954)  and  I  bore  (1958). 

The  chromic  oxide  techiaue  was  found  to  be  comparable  in  accuracy 
to  the  total  collection  technique. 
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OBJECTIVES 

The  purpose  of  the  experiments  described  hereinafter 
was  to  determine: 

1.  The  relationsnips  of  carcass  characteristics  to 
efficiency  of  feed  utilization,  and  to  average  daily 
gain;  and  the  interrelationships  among  carcass 
characteristics,  under  restricted  feeding,  under  liberal 
feeding,  and  under  ad  libitum  feeding. 

2.  The  utility  of  “Lean-meter"  probes  and  a  body 
length  measurement  in  the  predetermination  of  carcass 
characteristics . 

3.  The  effect  of  sire  and  feed  intake  upon  the  apparent 
digestibility  of  dry  matter  and  protein  in  the  swine  ration. 

EX  PER  Ix-IENT  AL  PROCEDURE 
A.  The  Breeding  Plan 

Experimental  work  was  conducted  at  the  University  of 
Alberta  from  November,  1959  to  October,  I960.  To  provide  the 
experimental  animals,  the  available  sows  in  the  University 
Yorkshire  herd  were  allotted  at  random,  within  a^e  groups 
and  within  breeding  period,  to  six  sires  -  two  of  eacn  of  the 
Yorkshire,  Lacombe  and  Landrace  brefeds. 

The  first  breeding  provided  pigs  for  trial  1  (Experiment 
337),  conducted  from  November,  195  )  to  Mtty,  I960  wherein  each 
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sire  was  represented  by  1  male  and  1  female  from  each  of 
three  litters. 

The  second  breeding  provided  pigs  for  trial  2,  (Experiment 
337 A)  ,  trial  3  (Experiment  337B)  ,  and  trial  4  (Experiment 
337C),  which  we re  conducted  from  May,  1960  to  October,  1960. 

In  trials  2  and  3,  each  sire  was  again  represented  by  three 
litters;  each  represented  by  1  male  and  1  female  chosen  at 
random  from  each  litter.  In  trial  4,  only  four  of  the  six 
sires  were  represented;  each  sire  by  1  male  and  1  female 
chosen  at  random  from  each  of  two  litters.  The  two  sires  not 
represented  here  lacked  sufficient  offspring. 

A  total  of  124  pigs  were  tested,  thirty-six  on  each  of 
trials  1,  2  and  3,  and  sixteen  on  trial  4. 

B.  Method  of  deeding 

The  ration  used  in  all  trials  is  outlined  in  table  1. 

This  ration  contained  approximately  21  per  cent  crude 
protein,  and  was  well  fortified  with  vitamins  and  minerals 
so  that  those  pigs  restricted  to  75  per  cent  of  1T.R.C. 
allowances  were  still  receiving  adequate  protein  and  minerals 
in  their  ration.  The  ration  has  been  used  successfully  at 
the  University  of  Alberta  (Berg  and  Bowl  and ,  1958). 

In  trials  1  and  2,  to  study  possible  differences  in  dig¬ 
estion  and  maintenance  requirements,  feed  consumption  was  eoual- 
i zed  by  a  system  of  limited  feeding  based  on  body  weight.  The 
pigs  were  fed  individually  according  to  the  schedule  outlined 
in  table  2.  The  daily  feed  allowance  w as  placed  before  the 
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pi 5s  in  the  morning,  at  which  time  they  were  allowed  to  eat 
for  one  hour.  In  the  evening,  the  pigs  were  allowed  to  consume 
any  remaining  portion  of  their  daily  allotment. 

In  trial  3,  pigs  were  individually  fed  to  appetite 
three  times  daily. 

In  trial  4,  pigs  were  fed  ah  libi turn  in  groups  of  four. 

C.  General  Management 

Trials  1,  2  and  3  were  conducted  in  the  new  feeding  barn 
at  the  University  farm,  while  trial  4  was  conducted  in  the 
feeder  wing  in  the  farrowing  barn.  Both  barns  hod  concrete 
floors,  were  fan-ventilated,  and  temperatures  were  thermos tically 
controlled  to  approximately  60°  F. 

In  trials  1,  2  and  3,  pigs  were  alloted  at  random,  within 
sire  groups,  to  groups  of  four,  while  in  trirl  4,  sire  groups 
of  four  pigs  were  penned  together.  Water  was  provided  to 
all  lots  by  automatic  water  cups.  Shavings  were  used  for 
bedding. 

The  pigs  were  placed  on  trial  as  they  individually  reached 
39  pounds  in  weight,  or,  in  trial  4,  as  the  group  avers,  e 
reached  39  pounds. 

The  pigs  were  weighed  weekly  and  marketed  on  the  weigh- 
day  on  wnich  they  surpassed  190  pounds  in  weight.  Two  days 
after  marketing,  the  pigs  were  cut  and  scored  according  to 
Record  of  Performance  (Anonymous  1959)  at  a  local  packing 
plant . 
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One  pig  in  trial  2  and  one  pig  in  trial  3  were  marketed 
at  Uglier  weights  because  of  arrested  gain. 

Table  1:  EXPERIMENTAL  RATION 


Ingredient 

$  in  Ration 

Wheat 

25.0 

Bari  ey 

40.95 

Oats 

9.2 

Soybean  Oil  Meal 

16.85 

Fish  Meal 

4.0 

Alfalfa  Meal 

2.0 

Salt  (Iodized) 

0.5 

Limestone 

0.8 

Bone  Meal 

0.5 

Aurofac  -  10 

Vitamin  Mix 

0.1 

0.05 

ZnSO 

4 

Dry  A  and 

0.05 

^Vitamin  Mix 

Per  Lb.  Mix. 

Ribof  lavt  n 

2 .  g . 

Ca.  Pantothenate 

4.  g. 

Niacin 

9.  g. 

Choline  Chloride 

10.  g. 

Folic  Acid 

60.  mg . 

B1S 

4.5  mg. 

Pyridoxine 

.5  mg. 
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Table  2.  FEEDING  SCHEDULE  FOR  R  tICTED  FEEDING  TRIALS 


V/ eight  of  Fig 

New  K.R.C.  Allowances®- 

Daily  Feed  7, 

lb. 

lb. 

lb. 

40-49 

2.7 

2.0 

50-59 

3.2 

2.4 

60-69 

3.7 

2.8 

70-79 

4.1 

3.1 

80-89 

4.5 

3.4 

90-99 

4.9 

3.7 

100-109 

5.3 

4.0 

110-119 

5.6 

4.2 

120-129 

5.9 

4.4 

130-139 

6.2 

4.6 

140-149 

6.4 

4.8 

150-159 

6.6 

4.9 

160-169 

6.7 

5.0 

.  17  0-17  9 

6.8 

5.1 

180-189 

6.9 

5.2 

190-199 

7.0 

5.2 

Values  shown  are  for  Bacon  Hogs  and  are  extrapolated 
from  figures  listed  in  Table  1  of  Nutrient  Requirements  of 
Swine,  National  Research  Council  Publication  648:  1959. 
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D.  Lean  i^eter  Probes 

The  ”Lean-meter”  (See  Berg  and  Bowland,  1956)  consists 
of  a  power  source  (4  dry-cell  batteries),  an  amneter,  a  depth 
gauge  and  appropriate  electro '  es,  suitably  enclosed  in  a 
convenient  case  (Figure  5). 

At  the  time  of  marketing,  all  pigs  were  orobed  by  insert¬ 
ing  the  electrodes  through  the  backfat  at  right  angles  to 
the  surface  of  the  body  at  4  points,  about  2  inches  off  the 
mid -line. 

To  determine  the  location  of  the  probes,  a  mark  was 
placed  on  the  pig’s  shoulder  directly  above  the  center  of  the 
front  leg.  Aiother  mark  was  placed  6  inches  from  the  dorsal 
base  of  the  tail.  The  distance  between  these  two  marks  was 
measured  and  divided  into  3  equal  lengths.  The  four  sites 
thus  defined  were  designated  from  front  to  back:  shoulder, 
back,  loin  and  ham  probes  (Figure  4).  The  sites  of  the  live 
probes  were  re-established  after  slaughter  with  the  aid  of  a 
tape  measure,  and  the  backfat  thickness  at  these  points  was 
recorded  for  comparison  with  the  live  probes. 

The  distance  between  the  shoulder  probe  and  ham  probe, 
while  recorded  primarily  fbr  the  re-establishment  of  the  live 
probe  sites,  was  designated  ’’body  length”  and  was  compared  to 
the  R.O.P.  carcass  length  to  determine  if  this  measurement 
had  any  predictive  merit. 
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S .  De‘  .-.in  :i  on  of  A  -  .--at  0i  -estibi  lity  -^rr 

Irotein,  bsing  Crp. O3  as  a  Reference  Substance 

In  trials  2  and  3  described  above,  the  digestibilities  of 
dry  matter  and  nitrogen  were  determined  using  chromic  oxide 
as  a  reference  substance. 

The  technique  was  adapted  from  the  procedures  outlined 
by  Echurch  et  al.  (1952)  and  Clawson  ejt  al.  (1945). 

Each  pig  was  placed  on  trial  for  7  days  following  the 
weigh-day  on  which  it  surpassed  109  lbs.  liveweight.  The 
regular  ration,  to  which  was  added  0.8  per  cent  of  chromic 
oxide  (CroOj)  ,  was  fed  according  to  the  regular  schedule.  On 
each  of  the  last  4  days  on  the  trial,  an  150-gram  sample  of 
fmsh  feces  was  collected  after  both  the  momin  •  and  evening 
feeding. 

The  feces  samples  were  dried  in  a  forced -draft  oven  at 
88°  centi  rade  for  24  hours.  The  dried  samples  were  then 
coarsely  ground  through  a  Vi  ley  mill,  and  the  d°ily  samples 
from  each  pig  were  thoroughly  mixed.  From  the  composite 
sample ,  a  smaller  sample  was  taken,  ground  through  a  40  - 
mesh  sieve  in  a  Y/iley  mill,  and  stored  in  a  tightly- closed  ,iar. 

The  feed  samples  were  dried  and  ground  in  the  same  manner 
as  the  feces  samples. 

Total  nitrogen  in  both  the  feed  and  feces  was  determined 
by  the  Kjeldahl  method,  using  mercury  as  a  catalyst, 
protein  was  estim  ted  as  total  nitrogen  multiplied  by  6.25. 

Chromic  oxide  (0^03)  concentration  was  determined  by  the 
thod  of  Bolin  et  al.  (1952),  usin0  pore  loric  and  sulfuric 
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acids  as  oxidizing  agents  and  molybdenum  as  a  catalyst.  A 
Bausch  and  Lomb  colorimeter  was  used  to  detaimine  chromate 
concentrat ion. 
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RESULTS  AND  DISCUSSION 
1.  Analysis  of  Variance 


The  experimental  data  were  analysed  for  significance  of 
the  components  of  variance  according  to  the  F  -  test  of 
Snedecor  (1956).  Trials  1  and  2  were  grouped  together  for 
the  first  analysis,  while  trials  2  and  3  were  combined  for 
the  second  analysis.  Trial  4  was  analysed  separately, 
means  of  performance  and  carcass  traits  are  presented  in 
Tables  4  to  11  found  on  pages  29to  36.  Significance  of  the 
variations  of  the  mean  squares  for  the  main  effects  and  their 
first  order  interactions  are  indicated  by  two  asterisks 
corresponding  to  P<.01,  or  one  asterisk  indicating  P<r.05. 

A  schematic  representation  of  the  experimental  desi  n  is 
presented  in  Figure  6,  and  an  outline  of  the  analysis  of 
variance  and  covariance  is  as  follows: 


Main  Effects 

Total 

Replicate 

Sex 

Sire 

Order 

Interactions 

Replicate  x  Sex 

Replicate  x  Sire 

Replicate  x  Order 

Sex  x  Sire 

Sex  x  Order 

Sire  x  Order 
Srror 


Degrees  of  Freedom 

71 

1 

1 

5 

2 

1 

5 

2 

5 

2 

10 

37 


.....  , 

. 

■ 
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All  mean  squares  were  tested  against  the  ERROR  mean 
square . 

The  classification  designated  as  "ORDER"  indicates  the 
order  in  which  the  pig  was  placed  on  trial  within  its  part¬ 
icular  replicate- sex-sire  subgroup.  This  factor  was  intended 
to  measure  two  effects;  that  due  to  linear  time  differences, 
and  that  due  to  litters,  as  littermates  received  the  same  "order" 
classification.  The  hierarchal  classification  "LITTER"  was 
not  available  because  of  the  impossibility  of  extracting  this 
source  of  variance  with  the  particular  computer  program  used 
for  analysis  of  variance. 

A.  The  Effects  of  Season  and  Method  of  Feeding  on  Feedlot 

Performance  and  Carcass  Characteristics 

In  the  analysis  of  trials  1  and  2,  the  term  "REPLICATE" 
could  be  replaced  by  "SEASON"  as  trial  1  was  conducted  in  the 
v/ inter  season  and  trial  2  in  the  summer  season. 

In  the  first  analysis,  pigs  in  the  winter  period  averaged 
2.5  pounds  lighter  on  test  than  did  those  in  the  summer  period, 
trial  2. 

The  seasonal  effects  upon  age  on  test,  age  to  market  and 
average  daily  gain  in  the  two  periods  reflected  slower  gains 
made  in  the  winter  season,  in  accordance  with  results  reported 
in  the  Review  of  Literature.  Peed  per  pound  gain  was  3.2o  on 
trial  1,  compared  to  3. 00  on  trial  2  probably  as  a  result  of 
higher  maintenance  requirements  in  the  cooler  winter  environment . 
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SIRE 


York. 


One 
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68M 

14N 


.44211 
' 1227W 
.34ok 
^50M 

.68M 

'l4N 
.44211 
'X227N 
.340N 
\  50M 


Two 


Femal 


Male 


York- 


York. 


Lacombe 


Landrace 


68M 

14N 

442N 

1227N 

340N 

50M 

,6811 
-14N 
442 if 

-12274 

/340N 

\50M 


okusr 

1,2,3* 
-L ,  ^ ,  3  • 
1,2,3. 

1,2,3. 

1,2,3. 

1,2,3. 

1,2,3. 

1,2,3. 

1,2,3. 

1,2,3. 

1,2,3. 

1,2,3. 

1,2,0* 

1,2,3. 

1,2,3. 

1,2,3. 

1,2,3. 

1 , 2 ,  j  • 

1,2,3. 

1,2,3. 

1,2,3. 

1,2,3. 

1,2,3. 

1,2,3. 


Figure  6.  Experimental  Design. 
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It  was  intended  that  average  daily  feed  would  be  equal 
on  trials  1  and  2.  However,  average  daily  feed  was  3.76 
pounds  lor  trials  1  and  3.66  pounds  for  trial  2,  probably 
because  of  higher  gains  in  the  40  -  100  lb.  period  of 
trial  2,  with  the  result  that  pigs  spent  relatively  less  time 
on  the  lower  rates  of  average  daily  feed. 

No  explanation  was  obvious  for  the  higher  dressing  per¬ 
centage  in  the  winter  season,  nor  for  the  0.4  inch  longer 
carcasses  in  the  summmer  season. 

The  fat/lean  ratio  is  the  product  of  the  average  back- 
fat  in  inches  multiplied  by  ten,  and  divided  by  loin  area 
in  square  inches.  It  was  intended  to  be  an  indicator  of  carcass 
merit  and  its  usefulness  £>r  this  purpose  will  be  discussed 
later.  It  did  not  vary  with  season. 

In  Table  6,  the  individual  "Lean-meter"  probes  and  their 
corresponding  carcass  fat  measurements  are  presented  in  detail. 
No  explanation  was  obvious  lor  the  higher  shoulder  probe  in 
trial  1,  where  neither  average  backfat  probes  or  average 
carcass  measurements  showed  any  seasonal  effect. 

In  the  second  analysis,  the  replicates  represented: 

Limited  feeding,  trial  2;  and  liberal  feeding,  trial  3«  In 
this  analysis,  initial  weight,  final  weight  and  age  on  test 
were  essentially  equal  in  the  trials. 

Age  to  market  and  average  daily  gains  were  affected  by 
the  method  of  feeding.  Age  to  market  was  204  days  in  trial  1, 
loO  days  in  trial  2,  dropping  to  162  days  in  trial  3,  and  154 
days  in  trial  4.  Average  dai-  iin  was  1.15  pound.  ial  1, 
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1.29  pounds  in  trial  2,  rising  to  1.43  pounds  in  trial  3,  and 
1.67  pounds  in  trial  4.  Feed  per  pound  gain  in  trial  2  was 
3.00  compared  to  3.11  in  trial  3,  exhibiting  the  economies  of 
gain  resulting  from  restriction  of  feed  intake  as  offsetting 
the  greater  maintenance  requirements  of  pigs  on  trial  2  because 
of  slower  gains.  By  comparison,  the  average  daily  feed  in 
trial  4  (self-fed J  was  6.00  pounds  per  day,  and  the  feed 
utilization  was  3.63  pounds  of  feed  oer  pound  of  gain. 

Dressing  percentage  rose  from  74.5  to  76.3  to  78.7  per 
cent  on  trials  2,  3  and  4,  respectively,  thus  affecting 
carcass  weights.  These  results  agreed  with  those  of  Merkel 
et  al.  (1953a)  who  found  that  the  amount  of  daily  nutrients 
directly  affected  the  dressing  percentage. 

Average  R.O.P.  backfat  thickness  rose  from  1.36  inches 
to  1.60  inches  to  1.79  inches  in  trials  2,  3  and  4.  Loin 
area  showed  the  opposite  trend,  dropping  from  3.77  square 
inches  in  trial  2  to  3.55  square  inches  in  trial  3,  and  3.42 
square  inches  in  trial  4.  The  higher  backfat  measurements 
on  liberal  feeding,  aided  by  decreased  loin  area  measurements, 
increased  the  fat /leam  ratio.  "Lean-meter”  probes  and  carcass 
backfat  measurements  followed  the  same  trends  as  R.0.1  • 
backfat  measurements.  Total  R.O.P.  score  dropped  from 
83.4  in  trial  2  to  66.0  in  trial  3  to  49.0  in  trial  4,  reflect¬ 
ing  increasing  fatness  and  decreasing  leanness, 
findings  agreed  with  previous  experimental  results  reported 
in  the  literature  in  that  the  level  of  nutrition  afi  ected  the 
amount  of  fat  in  the  carcass,  but  differed  in  that  loin  ares. 


. 

. 

« 

, 

. 


. 

. 


•  . 

. 


• 

.  .  . 

• 

. 

-  23  - 


was  affected  by  level  of  nutrition,  while  other  workers  failed 
to  notice  significant  differences.  Carcass  length  was  not 
significantly  affected  by  the  different  aevel  of  nutrition 
between  trials  2  and  3  in  this  stud;  . 

The  digestion  studies  (Table  9)  showed  that  77.9  per  cent 
of  dry  matter  was  digested  in  trial  2,  and  7 6.8  per  cent  of 
dry  matter  was  digested  in  trial  3,  while  64.1  and  ol.l  per 
cent  of  crude  protein  was  digested  in  triads  2  and  3?  respect¬ 
ively.  The  lower  digestibilities  of  hese  two  nutrients  under 
liberal  feeding  were  in  agreement  with  the  findings  summarized 
by  Morrison  (1956). 

The  effects  oi  hex  on  Fecdlot  r  erf  or  ranee  and  Carcass 

Characteristics 

In  the  first  analysis,  females  went  to  market  at  190 
days  of  age,  4  days  younger  than  did  males.  Females  gained 
1.2  5  pounds  per  day,  compared  to  1.20  pounds  per  day  for  males, 
and  consumed  3.07  pounds  of  feed  per  pound  of  gain,  while 
males  consumed  3.21  pounds  of  feed  per  pound  of  gain.  In  the 
second  analysis  of  feedlot  traits,  only  average  daily  feed 
for  the  total  period  was  significant ay  different  for  sexes, 
being  4.23  pounds  for  females  and  4.34  pounds  for  males. 

This  su._;  ;ested  a  sex  x  season  interaction  in  the  first  analysis, 
but  no  such  interaction  was  indicated  in  the  analysis  of 
variance. 

In  the  second  analysis,  a  sex  x  method  of  feeding  inter¬ 
action  existed  for  age  to  market,  average  daily  gains  and 
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average  daily  feed  in  both  periods.  An  inspection  of  the 
data  revealed  the  following: 


Average  daily  g 


ain,  total  period 


Females 


Males 


Trial  2 


1. 32 


1.26 


Trial  3 


1.49 


1.55 


These  results  indicated  that,  on  equalized  feed  intake, 
females  made  more  efficient  use  of  their  feed  for  gain,  and 
on  liberal  feeding,  males  made  faster  gains  eating  more 
feed  per  day. 

The  higher  gains  of  females  in  trials  1  and  2  agreed 
with  the  results  of  Fredeen  and  Jonsson  (1957),  but  differed 
from  those  of  other  workers  reported  in  the  Review  of  Literature, 
wherein  the  method  of  feeding  was  non-restri cti ve. 

Females  ted  greater  length,  thinner  backfat,  greater 
loin  area  and  higher  total  score  than  did  males  in  both  analyses. 
These  results  agreed  with  the  results  of  other  workers,  not¬ 
ably  Fredeen  (1953)  and  Fredeen  and  Lambroughton  (1956). 

The  exact  nature  of  the  differences  in  traits  between 
males  and  females  was  not  revealed  in  this  study.  It  is 
possible  that  metabolic  differences  between  sexes  had  a 
bearing  on  whether  fat  or  lean  tissue  was  produced, 
data  for  the  digestibility  of  dry  matter  and  crude  protein 
suggested  that  in  this  experiment  the  differences  lay,  not 
in  digestibility  differences  between  sexes,  but  rather  in 
the  use  that  was  made  of  the  digested  nutrients. 
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C •  The  effects  os  Sire  on  Feedlot  Performance  and.  Carcass 

Characteristics 

In  the  first  analysis  pigs  by  different  sires  showed 
significant  differences  only  in  age  on  test  and  average  daily 
gain  and  feed  per  pound  gain  in  the  total  period.  These  data 
are  presented  in  Table  4.  Offspring  of  boars  of  any  part¬ 
icular  breed  showed  no  clear  superiority  in  any  particular  trait. 
However,  this  experiment  was  not  intended  to  uncover  any  breed 
differences.  As  feed  intake  was  equalized  in  trials  1  and  2, 
the  sire  differences  in  average  daily  gain  and  feed  per 
pound  gain  were  probably  due  to  genetic  differences  in  the 
way  in  which  nutrients  were  used  by  the  pigs'  bodies. 

In  the  second  analysis,  however,  the  amount  of  feed 
consumed,  that  is,  the  pigs'  appetites,  had  an  influence  on 
feedlot  performance.  In  this  analysis,  pigs  from  different 
sires  showed  differences  in  age  on  test,  age  to  market, 
and  average  daily  gain,  average  daily  feed,  and  feed  per 
pound  gain  in  both  periods.  Again,  no  breed  showed  marked 
superiority  in  any  particular  characteristics. 

Fairly  large  differences  in  average  daily  gains  between 
sire  groups  on  the  self-feeding  regime  (trial  4)  did  not  reach 
statistical  significance.  Lot  averages  ior  average  daily 
feed  and  feed  per  pound  gain  were,  respectively :  122 7H,  6.f3 
and  3.65;  442 N,  5-73  and  3.60;  68M,  5-21  and  3-23;  and  5GM, 

6.65  and  4.05.  These  differences  could  not  be  tested  statistically 
because  01  group  feeding. 
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It  was  shown  in  this  study  that  males  and  females  reacted 
differently  to  restriction  of  feed  intake.  Analysis  of  variance 
for  trials  2  and  3  showed  that  average  daily  feed  was  significantly 
different  between  the  sire  groups  on  different  replicates, 
probably  because  of  equalized  feeding  in  trial  2.  The  reulicate 
by  sire  means  for  certain  feedlot  and  carcass  traits  are  presented 
in  Table  3. 


Table  3:  SELECTED  BELLI  CATE  x  SIRE  KEANS 


A.  D. 

Cain.  lb. 

A.  D. Feed,  lb. 

Feed/  lb 

.  Cain 

Sire 

Trial 

2 

Trial 

3 

Trial  3 

Trial  2 

Trial  3 

68M 

1.31 

1.45 

4.  50 

2.92 

3.12 

14N 

1.27 

1.63 

4.84 

3.10 

2.98 

442N 

1.29 

1.48 

4.78 

3.03 

3.23 

1227N 

CU 

• 

( — 1 

1.49 

4.71 

3.10 

3.16 

340N 

1.42 

1.55 

4.51 

2.73 

2.92 

50M 

1.22 

1.54 

4.95 

3.14 

3.23 

A.  Backfat,  in. 

Loin  Area. 

so.  in. 

Trial 

2 

Tri  al 

3 

Trial  2 

Trial  3 

68M 

1.35 

1.50 

3.76 

3.36 

14N 

1.32 

1.64 

3.68 

3.55 

442 N 

1.40 

1.59 

3.89 

3.68 

1227N 

1.38 

1.53 

3.69 

3.35 

340N 

1.30 

1.54 

3.75 

3.72 

50M 

1.41 

1.78 

3.82 

3.40 

. 
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The  average  daily  feed  for  trial  2  was  3.06  pounds  per 
day .  it  can  be  seen  from  table  3?  by  comparing  the  performance 
of  sire  groups  in  trial  2  with  their  performance  in  trial  3, 
that  the  pi0s  from  3i+0N  were  fast- growing,  lean  and  the  most 
efficient  under  both  feeding  regimes,  while  those  from  $011 , 
for  example,  were  fairly  slow-growing  and  inefficient  under 
restricted  feeding,  but  were  faster-growing,  and  very  fat  under 
non- restricted  feeding  because  of  their  high  daily  feed  intake. 

D.  The  Effect  of  "Order11 

This  variable  showed  an  effect  only  upon  age  on  test 
in  the  second  analysis.  This  was  likely  a  litter  effect, 
caused  by  one  litter  sired  by  sire  l^N. 

E.  General  Observations 

Figures  1,  2  and  3  illustrate  graphically  fhe  average 
performance  of  the  pigs  on  the  four  trials,  from  *+0  to  190 
pounds  liveweight.  Those  data  from  trial  b  (3370)  were  less 
informative  because  performance  was  reckoned  on  lot  averages, 
rather  than  on  individual  data.  In  a  lot  of  four  pigs  of  vary¬ 
ing  size,  the  average  daily  feed  would  be  higher  on  the  lot 
oasis  than  on  an  individual  basis,  because  the  smaller  pigs 
would  consume  proportionately  more  feed  for  their  weight  than 
would  the  larger  _,igs,  as  was  shown  by  the  xeed  consumption 
curves  on  the  first  three  trials.  Similarly,  average  daily 
gain  would  be  higher  on  the  lot  basis  than  on  an  individual 
basis,  because  the  smaller  pigs  would  gain  proportionately  more 
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than  larger  pigs.  The  average  daily  feed  on  the  lot  basis 
would  be  affected  by  the  fact  that  those  pigs  which  had  the 
highest  feed  consumption  would  gain  fastest  and  be  removed 
from  test  first.  These  phenomena  were  illustrated  by  the 
great  fluctuations  in  the  performance  curves  near  the  end  of 
trial  4. 

It  was  postulated  that  a  pig  may  achieve  greater  efficiency 
of  feed  utilization  by  eating  more  feed  per  day,  by  digesting 
more  nutrients  from  its  feed,  by  converting  the  nutrients  to 
lean  tissue  instead  of  the  more  concentrated  fat  tissue,  or 
by  any  combination  of  these. 

In  the  first  analysis  (trials  1  and  2),  the  differences 
in  efficiency  of  feed  utilization  must  have  been  due  principally 
to  differences  in  the  kind  of  tissue  produced  and  to  differences 
in  maintenance  requirements.  Feed  consumption  was  eoualized 
as  far  as  possible  and  the  digestibility  determinations  in 
the  second  analysis  in'icated  that  only  the  amount  of  feed 
influenced  dry  matter  and  crude  protein  digestibility. 

Certainly  the  greater  efficiency  of  feed  utilization  of  the 
second  trial  indicated  the  effect  of  lower  maintenance 
requirements  in  the  summer  period. 

In  the  second  analysis  possibly  all  three  proposed  methods 
of  achieving  efficiency  influenced  the  differences  in  efficiency 
of  feed  utilization  found  between  individuals.  This  hypothesis 
was  further  investigated  in  the  relationship  studies. 
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Table  4:  SO  MARY  OF  MEANS.  ANALYSIS  OF  TRIALS  1  AND  2 
FEEDLOT  CHARACTERISTICS. 
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Table  6:  SUMMARY  OF  MEANS.  ANALYSIS  OF  TRIALS  1  AND  2 
LIVE  AND  CARCASS  EASUREMENT3 . 
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All  other  interactions  non-significant. 
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FIGURE  4  SITES  OF  LIVE  BACKFAT  PROBES 
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2 •  The  Relationships  Between  Feedlot  Perf  orman  c e  and 
Carcass  Oharact^ri sti cs 

Coefficients  of  correlation  between  selected  feedlot 

performance  and  carcass  characteristics  are  presented  in  tables 

12  to  19,  in  pages  56  to  63.  These  coefficients  were  calculated 

according  to  the  method  outlined  by  Snedecor  (1956). 

Tor  the  first  and  second  analysis,  two  coefficients  are 

presented  for  each  pair  of  traits  considered.  The  unper 

figure  (r^J  is  the  coefficient  calculated  from  the  total  sums 

of  squares  and  sums  of  cross-products,  with  70  degrees  of  freedom. 

The  lower  figure  (r  )  is  tne  coefficient  carcuiated  from 

e 

the  error  terms  with  36  degrees  of  freedom  for  the  correlation 
coefficient. 

For  the  fourth  trial,  only  the  coefficien  hr  calculated  from 
the  total  suias  of  squares  and  sums  of  cross-products  are  presented, 
with  14  degrees  of  freedom,  in  tables  IS  and  19. 

The  statistical  significance  of  these  coefficients  at  the 
P<.  05  and  P<. 01  level  is  indicated  by  single  or  double  asterisks, 
resp  ecti  vely. 

A.  Relationships  Among  Feedlot  Performance  Traits 

The  relationships  between  age  on  test  and  age  to  market 

(r.  -  .72,  r  -  .72  for  the  first  analysis,  r  =  .57,  r~  *  .72  for 
i>  e  t  c 

the  second  analysis)  were  not  unexpected,  as  age  on  test  is 
a  part  of  age  to  market  (  Snedecor  1956).  The  lower  relation¬ 
ship,  r^  -  .36,  in  trial  4  v/as  possibly  a  result  of  the  variability 
in  the  time  spent  on  test  where  a  pig  had  greater  opportunity 
to  express  individual  growth  potential.  Similarly,  the  lower 
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-  k2  - 

e>ross  correlation  on  the  second,  analysis  reflected  the  individual 
variability  in  time  on  test  of  the  liberally-fed  pigs  in  trial 

3- 

The  high  negative  correlations  of  age  to  market  with  average 
daily  gain,  ranging  from  r  =  -.71  to  r  =  -.9^+jWere  due  in  part 
to  the  fact  that  the  denominator  the  ratio,  average  daily 
gain,  was  a  part  of  the  age  to  market. 

Average  daily  gain  in  the  first  period  was  not  affected 
by  age  on  test,  but  performance  in  the  first  period  was  affected 
by  initial  weight  (Table  l4) .  The  high  positive  correlations 
of  average  daily  gains  in  the  two  periods  were  expected  as 
the  first  period  was  a  portion  of  the  total  period. 

The  relationships  between  average  daixy  gain  and  feed 
per  pound  gain  in  the  first  analysis  were  hi0h  and  negative 
(r-t  =  -.9 7  and  r  =  -.9^  for  the  first  eriod  and  r  =  -.96 
and  re  =  -.95  for  the  total  period).  Those  on  the  second 
analysis  were  lower  (r.  =  -.22  and  r  =  -.76  for  the  first 

u  6 

period,  and  r  =  -.35  and  re  =  -.80  for  the  total  period). 

t 

These  results  were  in  agreement  with  those  01  other  workers. 

The  lower  correlations  for  the  second  analysis  resulted 
from  the  mathematical  nature  of  the  traits  correlated.  Feed  per 
pound  0ain  cun  be  written  as  A.D .F ./A.D .G.  ./hen  this  ratio 
is  correlated  with  A.D.G.  it  can  be  s.en  that  A..D.G.  is  present 
as  the  denominator  in  MFeed/lb.  gain"  causing  a  spurious 
correlation,  under  controlled  feeding  (trials  1  and  2)  A.D .F. 
was  held  fairly  constant  between  pigs,  resulting  in  the 
very  high  negative  correiau  of  feed/ib.  gain  w  th  average 
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daily  gains  in  the  first  analysis.  Under  the  less  restrictive 

feeding  01  trial  3?  A.D.F.  varied  more  because  of  appetite 

diif erences  among  pigs  and  a  lover  correlation  resulted. 

These  relationships  were  further  clarified  by  statistically 

controlling  in  the  calculation  01  the  partial  correlation 

coefficient  for  the  second  analysis,  r  ,  where  1  =  A.D.G., 

la .  3 

2  =  Feed/lb.  ^ain  and  3  =  A.D.F.,  (total  period)  by  the 
formula  r  =  r^  -  r  ^  r  of  Snedecor  (1956)  using 

/ri-r~3T2ri-r?^ 

the  gross  correlation  coefficients  for  the  traits  involved. 

This  partial  correlation  was  high  and  negative  ir^,  0  =  -.99) 
as  expected. 


A  similar  eifect  was  noted  in  the  relationship  of  average 
daily  feed  with  average  daily  gain,  whereby  a  lo w  relationship 
(rt  =  .36)  was  found  in  the  first  analysis  under  controlled 
feeding  and  a  high  relationship  (r^  =  .76)  was  found  in  the 
second  analysis  where  feed  intake  w as  more  variable,  ine 
non- significant  error  correlations,  r^  =  -.j6  and  rg  = 
indicated  that  when  the  eifects  01  wide  1 1  uc cuat ions  in  feed 
intake  associated  with  replicate,  genotype  and  sex  were 
removed  there  was  little  association  between  ga^n  and  feed  intake. 

The  correlations  of  average  daily  feed  witn  ieed  per  pound 
gain  (r  =  .3^  for  tlie  *‘irst  analysis,  and  r_  =  .33?  re  =  •  - 
for  the  second  analysis)  were  01  the  same  spurious  nature 
discussea  ab.ve.  The  analysis  i  covariance  revealed  that 
the  discrepancy  between  r^  and  re  on  the  iirst  analysis 
was  rincipally  due  to  the  replicate  portion  of  covariance  of 
average  daixy  feed  to  leca  per  .  ouiid  0ain. 
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3 .  The  Relationships  ox  fecdlot  Perfor  ance  to  Carcass 

Characteristics 

Merkel  et_  al.  (1958a)  found  that  the  level  of  nutrition 
was  related  to  dressing  percentage,  r  =  .62,  while  Aunan  and 
Winters  (19^9)  found  that  backfat  thickness  was  related  to 
dressing  percentage,  r  =  .66.  In  the  first  analysis,  the 
pigs  with  the  thickest  backfat  took  longest  to  reach  market 
weight,  and  had  the  highest  dressing  percentage.  Conversely, 
in  the  second  analysis  and  on  trial  b  the  pigs  having  the 
thicker  backfat  and  higher  dressing  percentages  went  to  market 
sooner  than  their  slower  growing,  leaner  contemporaries.  This 
accounted  for  the  correlations  between  a^e  to  market  and 
dressing  percentage  =  .37  in  the  first  analysis,  r^  =  -.23 
for  the  second  analysis  and  r  =  -  .*+3  for  trial  k.  The  non¬ 
significance  of  the  r  values  for  both  analyses  sub  .ested  that 

e 

the  gross  correlations  were  due  to  replicate,  genotype  and 
sex  effects. 

The  correlations  of  a^e  to  market  uith  average  backfat 

(r+.  =  .25  for  trials  1  and  2  and  r  =  -  .b2  for  trials  2  and  3) 
t  t 

show  the  same  trend  in  th_.t  on  controlled  feed  intake  leaner, 
more  efficient  pigs  reached  market  weight  first  whereas  on 
unrestricted  feeding  faster  gaining  pigs  were  fatter.  The 
positive  correlation  of  a0e  to  market  with  loin  area,  r_  -  .2^+ 
on  the  second  analysis,  did  not  contradict  this  idea,  but 
resulted  from  pigs  on  trial  2  being  both  leaner  and  oider  at 
market  wei^nt  than  pi0s  on  trial  3. 


. 
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The  relationships  of  age  to  market  and  total  score, 

=  -.26  and  r^  =  .43,  for  analysis  1  and  2  respectively, 
which  were  much  higher  than  the  -.06  reported  for  these  traits 
by  Fredeen  (1953)  5  arose  indirectl  from  the  relationships  of 
age  to  market  to  backfat  thickness  and  loin  area,  both  of  which 
influenced  total  score.  In  contrast, the  fat/lean  ratio  involving 
backfat  thickness  and  loin  area,  was  not  related  to  a  e  to  market. 

Following  the  pattern  established  for  age  to  market  above, 
the  relationship  of  average  daily  gain  to  average  backfat, 
r,_  =  -  .42  on  the  first  analysis,  r4.  =  .42  on  the  second  analysis, 
and  r  =  .51  on  trial  4,  was  higher  than  the  correlations  of 
-.2  5  for  males  reported  by  Fredeen  and  Jknsson  (1957)?  and  .29 
reported  by  Blunn  and  Baker  (1947)  .  Average  daily  gain  was 
related  to  loin  area  only  in  the  second  analysis,  where 

r  -  -.28,  and  to  total  score,  r,  -  .42  and  rt  =  -.44,  for 

t  t  0 

analysis  1  and  2  respectively,  reflecting  the  influence  of 
rate  of  gain  on  carcass  fatness.  The  relationship  of  average 
daily  gain  to  carcass  length,  r^  =  .30,  on  the  first  analysis, 
has  no  obvious  explanation,  other  than  the  replicate  eiiect 
on  both  characteristics,  wherein  length  and  average  daily  gain 
were  both  greater  on  trial  2,  as  was  outlined  earlier.  A 
similar  explanation  might  hold  for  the  relationship  Ox  ±eed 
per  sound  0ain  and  length  where  r^_  =  -.52  ni  the  ii-So  analyses. 

rf]^0  correlations  of  feed  per  pound  0ain  and  coin  area  wc  re 
negative  but  non- significant,  while  those  of  fee.  per  pound 
gain  and  average  back! at  tnickness  were  r^  — 


.40  for  t;  e  first 
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analysis  and  r^.  —  .37  for  the  second  analysis  indicating  a 

trend  for  more  efficient  pigs  to  have  less  backfat.  Similarly 

feed  per  pound  gain  was  related  to  total  score,  r;  =  -.42  and 

"t 

rt  =  "*37  for  analysis  1  2  respectively.  In  trials  2  and 

3  (Table  15),  average  daily  feed  was  related  to  average  backfat 
thickness,  rt  =  .67;  to  loin  area,  r  =  -.41;  and  to  total 
score,  rt  =  -.69  and  r0  =  -.34,  indicating  that  excess  feed 
consumed  was  converted  to  fat,  which  lowered  carcass  quality. 

it  was  noted  that  in  may  of  the  relationships  above  that 
gross  correlation  (r  )  was  significant,  while  error  correlation 
(re)  was  non-signif icant . 

In  the  first  analysis,  it  was  noted  what  the  replicate 
portion  of  covariance  contributed  a  major  portion  of  total 
covariance  of  the  following  pairs  of  traits:  age  to  market 
with  avera  e  backfat  thickness  and  total  score;  and  average 
daily  gain  with  carcass  length.  In  this  trial  the  covariance 
due  to  sexes  was  also  a  major  portion  of  total  covariance  of 
feedlot  and  carcass  characteristics. 

Examination  of  tne  covariance  analysis  Jbr  trials  2  and  3 
revealed  that  the  replicate  portion  of  covariance  was  the 
major  part  of  the  total  covariance  of  the  following  pairs  of 
traits:  age  to  market  with  loin  area,  a\  ;e  backfat  and 
total  score;  average  dai^y  gain  with  avcra0e  daily  feed,  average 
backfat  thickness,  loin  area,  total  score,  and  the  iat/iean 
ratio;  average  daily  feed  with  avera,  e  backfat  thic  .ness, 
loin  area,  total  score,  and  the  iat/lean  ratio;  and  ieed  per 
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pound  gain  with  average  backfat  thickness,  total  score,  and 
the  iat/lean  ratio. 

The  major  contribution  of  replicate  covariance  to  the 
total  relationships  bet ween  the  aforementioned  trai  s  reflected 
the  eliect  of  method  of  feeding,  and  to  a  minor  extent  that 
of  season,  on  the  relationships  of  feedlot  characteristics  to 
carcass  characteristics. 

It  was  of  interest  that  the  signs  of  certain  correlations 
in  the  second  analysis  were  eeversed  from  those  in  the  xirst 
analysis.  The  correlations  showing  this  ehenomenon  were: 
abe  to  market  with  dressing  percentage,  average  backfat  thick¬ 
ness,  loin  area  and  total  score;  average  daily  &ain  with  average 
feed  per  pound  gain;  and  feed  per  pound  gain  with  average 
backfat  thickness.  It  was  postulated  that  the  correlations 
betwreen  these  traits  were  different  in  trial  3  from  those  in 
trial  1  and  2,  and  the  correlations  for  tr_.al  3  alone,  were 
recalculated  with  3^  degrees  of  freedom  for  the  gross  correlations. 
These  correlations  are  presented  in  table  20,  with  the  gross 
correlations  (r, )  from  the  analysis  of  trials  2  and  3  combined, 
in  parentheses.  In  trial  3,  only  the  correlation  of  age 
to  market  with  dr  ssing  percentage  was  reversed  in  sign  from 
that  of  the  combined  analysis.  The  correlation  of  average 
daily  gain  with  average  backfat  thickness  was  lower  rhan  that 
of  average  daily  gain  to  loin  area  suggesting  ^hut  gain  was 
dependent  upon  the  pig's  muscular  development.  this  regaru, 

the  correlation  of  average  daily  gain  with  average  backfat 
thickness,  r  =  -.^-2  for  trials  1  and  2,  r  —  ,2b  i  j  t-  .  tl 
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and  r  =  ,;1  for  trial  M-,  suggests  that  the  availability 
of  nutrients  determines  the  nature  oi‘  the  gains,  with  gains 
being  largely  of  lean  tissue  under  restricted  feeding  and  being 
composed  of  more  fat  tissue  v/hen  nutrients  are  more  plentiful. 


Table  20.  Summary  of  Correlation  Coefficients  for  Trial  3. 


Total  Period  Ave . 

Daily  Feed 


Feed  Per 
Pound  Gain 


Dressing 
Per  cent 


Age 

to 

Market 


Total  Period 

Ave.  Feed 
Daily  /lb. 
Gain  Gain 


.*+20  A 

(«333  gffi 


-.597  xA 

(-  .  3^6  A3I) 


.286 

(-.232)h 


R.O.P. 


Ave.  Back 
Fat 


Loin 

Area 


Total 

Score 


-.310  .2^3  .123 

(-♦-1-20  iOL)  (02  5  AA;  (.3/3  vvj 


3  aA  -  O08  A 

( .2^-1  AA)  (-  .278  A)  


055  Aa:  -  .  391  a 

(02 9  AA)(-.Oi-0  AA; 


C .  Relationships  Among  Carcass  Characteristics 

The  relationships  found  among  certain  carcass  character¬ 
istics  are  summarized  in  liable  ±3>  f°r  the  first  analysis, 

Table  16  for  the  second  analysis,  and  Tabres  18  ^nd  19  for 
trial  b. 

The  "spurious11  correlations  (Snedecor,  1958)  of  carcass 
weight  to  final  weight  ranged  frc  r  =  .72  on  the  second  analysis 
to  r  =  .82  on  trial  4,  while  the  correlations  of  carcass  weight 
to  dressin0  percentage  ranged  from  rQ  =  O3  in  the  first 
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analysis  to  r^  -  .59  in  the  second  analysis. 

Carcass  weight  did  not  alrect  carcass  length,  avera  e 

backiat  oiiicrcness ,  or  total  score  in  the  rirso  analysis  but 

v;a s  related  to  loin  area,  r  -  •  3^+  and  r  =  .49,  and  to  the 

t  e 

iat/lean  ratio,  rg  =  .35.  In  the  second  analysis,  carcass 

weignt  was  related  to  carcass  length,  r  =  .26  and  r  =  . 32 

e 

to  average  backfat  thickness,  r  =  .41,  to  loin  area,  r  =  .33 

t  7  e 

to  total  score,  r^.  =  - . 31  and  to  the  fat/lean  ratio,  r,.  =  .25* 
The  results  l'rom  this  analysis  were  comparable  to  those  of 
Stotiiart  (1938)  who  found  that  carcass  weight  was  related  to 
length,  r  =  *39?  to  shoulder  fat,  r  =  .27  and  to  backfat, 
r  =  .62. 

Analysis  of  covariance  revealed  that  uhe  greater  art  of 
the  gross  covariance  of  carcass  weight  with  carcass  length, 
average  backfat  thickness,  loin  area,  total  score  and  the  fat/- 
lean  ratio  in  the  second  analysis  was  due  to  the  covariance 
of  these  factors  between  replicates.  Trial  3,  which  had  an 
average  carcass  weight  of  148  pounds,  versus  143  pounds  for 
trial  2,  also  had  a  higher  average  backfat  thickness,  1.60 
Inches  as  compared  to  I.32  i.  .  s  for  trial  2;  and  a  smaller 
loin  area  3.55  square  inches  versus  3*77  square  inches  for 
trial  2.  These  diffe  ences  explained  the  occurrence  of  gross 
correlations  of  carcass  weight  with  avera  e  backfat  thickness, 
total  score  and  the  xat/lean  ratio,  and  the  absence  in  the 
second  analysis  of  the  gross  correlations  oi  carcass  weight 
with  loin  area  which  had  been  found  in  first  analysis. 
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Dressing  percentage  was  related  to  loin  area,  r.  =  .25, 
r  =  .46,  in  the  first  analysis,  and  r^  =  . 45  in  the  second 
analysis.  The  non-significance  of  the  gross  correlation  of 
dressing  percentage  with  loin  area  in  the  second  analysis 
resulted  from  the  negative  correlation  of  these  traits  between 
trials  2  and  3.  The  positive  nature  of  this  particular  relation¬ 
ship  was  puzzling,  as  previous  workers  indicated  that  dressing 
percentage  was  very  largely  dependent  upon  the  amount  of  fat, 
although  Hammond  and  Hurray  (1937)  found  that  liveweight  of  the 
pig  had  the  greatest  effect  on  dressing  percentage. 

In  both  analyses,  dressing  percent  cage  and  loin  area 
were  positively  related  to  carcass  weight,  hence  the  positive 
correlations  of  dressing  percentage  to  loin  area  could  have 
arisen  from  the  influence  of  carcass  weight. 

The  covariance  between  replicates,  in  the  second  analysis, 
accounted  for  much  of  the  correlation  of  dressing  percentage 

with  average  backfat  thickness,  r  =  .52.  However,  this 

t 

correlation  was  in  agreement  with  the  correlation  of  .66 
found  between  dressing  percentage  and  average  backfat  thickness 
by  Aunan  and  Winters  (1949). 

The  influence  of  fatness  of  carcass  on  dressing  percentage 
probably  accounted  for  the  correlations  observed  between  dress¬ 
ing  percentage  an1  total  score  (r^  =  -.33  for  trials  2  and  3 
and  r  =  -.82  for  trial  4). 

In  the  first  analysis,  R.O.P.  carcass  length  was  related 
to  average  backfat  thickness,  r  =  .46,  r  =  -.49  ana  to  the 

Xf 

f at/lean  ratio,  r  =  -.29  and  r  =  -.33. 
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These  coefficients  of  length  with  backfat  were  generally 
larger  tnan  those  found  by  Fredeen  and  Jons son  (1957)  and  by 
Harrington  and  Pomeroy  (1954).  As  was  pointed  out  by  Fredeen 
(1953),  some  of  the  negative  correlation  of  length  with 
backfat  was  automatic  wnen  carcass  weight  was  held  constant. 

A  given  amount  of  fat  would  necessarily  be  thinner,  if  deposited 
over  a  longer  carcass. 

Aver  a  ;  e  R.O .  P .  ba  ckf  a  t  t  hie  kn  es  s  was  nega  ti  vel  y  as  so  cl  at  erl 
with  loin  area,  r  =  -.39  for  the  first  analysis,  r  -  -.43 
for  the  second  analysis,  and  r  r  -.62  for  trial  4.  In  the 
first  two  cases,  the  gross  correlations  we  re  not  mainly  due 
to  covariance  between  replicates.  The  above  correlations 
were  higher  than  those  reported  by  Fredeen  (1953),  who  found 
r  =  -.19  for  loin  area  to  shoulder  fat,  and  r  =  -.21  for 
loin  area  to  loin  fat;  and  by  otothart  (1938)  who  found 
r  -  -.21  between  shoulder  fat  and  length  x  width  of  loin. 

As  in  the  study  of  Fredeen  (1953),  carcass  length,  average 
backfat  thickness  and  loin  area  were  highly  correlated  with  total 
score  in  this  experiment,  "as  a  natural  consequence  of  their 
contribution  to  this  total. "  Similarly,  average  backfat  thick¬ 
ness  and  loin  area  ware  highly  correlated  with  the  f at/lean 
ratio,  as  each  was  a  part  of  this  ratio. 

To  eliminate  the  effects  on  other  carcass  characteristics 
of  differences  in  carcass  wei  ht  between  r  ^olic  tes  ,  t.  s  gross 
correlations  of  carcass  weight  to  these  traits  were  calculated 
for  trial  3,  with  34  degrees  of  freedom.  These  correlation 
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coefficients,  with  uhe  gross  correlations  from  the  second 
analysis  (.trials  2  and  3)  id  parentheses,  are  .resented  in 
table  21. 


Table  21:  SUMMARY  OF  CORRELATION  COEFFICIENT 6  FOR  TRIAL  3 


Carcass  weight  to  R.O.P.  Backfat  .285  ( AlO  ha) 

Carcass  weight  to  Loin  Area  .154  (.026) 

Carcass  weight  to  Total  Score  -.215  (-.315  aa) 

Carcass  weight  to  Fat/Lean  Ratio  .053  (.2*+9  at) 


Partial  correlations,  calculated  by  the  lormula  of 
Snedecor  (1958)  are  presented  1  or  the  second  analysis,  in 
table  22.  The  gross  correlation  of  the  first  two  random 
variables  involved  in  each  partial  correlation,  is  given  in 
parentheses.  The  degrees  of  freedom  are  69. 


Table  22:  PARTIAL  CORRELATION  COEFi  ICInNTS  FAR  TRIALS  2  aND  3. 


rl2 . 7 

.372  vA 

rl3.7 

•038 

rl4. 7 

.io5 

rl5.7 

.226 

r46.7 

.334  4 

(.516  atat) 
(.0¥O 
(-.32 7  atat) 
(.  —  a, 
(.21*0 


1  =  dressing  percentage,  2  =  average  backfat  thickness, 

3  =  loin  area,  4  =  total  score,  5  =  f at/lean  ratio,  6  =  length, 
7  =  carcass  weight. 

The  correlation  coefficients,  with  the  effect  of  carcass 
weight  removed,  indicated  an  association  between  dressing 
percentage  and  average  backfat  thickness,  and  between  total 
score  and  length,  two  relationships  that  had  been  found  to 
exist  in  other  studies.  The  relationship  between  length  and 
total  score,  r  —  • 33^"?  was  lower  tnan  the  coefiicient  •  rj 
found  by  Fredeen  (1953)  • 
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D.  The  effectiveness  of  Certain  Predictors  of  Feedlot 

.Q2.ZS&23,  Charact^ristina 

The  correlations  of  the  f at/lean  ratio  with  feedlot 
performance  and  carcass  characteristics  were  calculted  to 
determine  the  utility  of  the  fat/lean  ratio  as  a  predictor  of 
other  traits.  -^hese  correlations  were,  in  many  cases,  similar 
in  size  to  the  correlations  of  total  R.O.P.  score  with  other 
traits.  An  exception  was  the  correlation  of  total  score  with 
length  which,  as  would  he  expected  was  higher  than  the  correlation 
of  the  fat/lean  ratio  with  length.  On  the  basis  of  the  present 
investigation,  no  particular  advantage,  other  than  ease  of 
calculation,  could  be  attributed  to  the  fat/lean  ratio. 

The  correlations  of  the  average  "Lean-neter”  probe  with 
other  traits  was  somewhat  lower  in  the  first  analysis  than 
were  the  correlati onsof  R.O.P.  backfat  thickness  with  other 
traits.  The  "Lean-meter"  probe  was  a  reasonable  predictor  of 
R.O.P.  backfat  thickness  (r  =  .44  to  .79)  and  a  slightly 
better  predictor  of  average  backfat  thickness  measured  at 
the  four  sites  of  the  probes  (r  =  .53  to  .84).  Tables  14,  17 
ana  19  summarize  the  results  of  the  correlation  of  individual 
probes  with  their  corresponding  carcass  measure!  nts.  Gross 
correlations  ranged  from  .71  for  shoulder  to  shoulder  in  the 
second  analysis,  down  to  .25  for  back  to  back  in  the  first 
analysis. 

The  average  of  four  carcass  backfat  measurem  jnts  showed 
no  superiority  to  average  R.O.r.  backfat  as  a  predictor  of  other 
carcass  characteristics,  although  it  might  well  be  a  better 
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indicator  of  carcass  fatness. 

In  table  17  are  ^resented  bhe  correlations  of  apparent 
dry  matter  digestibility  and  apparent  crude  protein  di  esoibility 
with  other  characteristics.  Morrison  (19>6;  obs  rved  that  digest¬ 
ibility  of  nutrients  was  affected  by  the  level  of  nutrition. 

It  was  apparent  from  uhe  analyses  of  covariance  Phat  ;.^ch  of 
the  gross  correlations  in  this  enperi  ent  was  due  to  the 
covariance  between  replicates.  Hence  the  correlations  involv¬ 
ing  apparent  digestibilities  were  recalcu_ated  for  tr^al  2 
and  trial  3  separately,  and  are  _  rese.it^d  in  Table  23. 
degrees  of  freedom  are  31+* 


Table  23.  Relationships  of  Digestion  a 


Variates 

Dry  matter  digest. -cr.  protein  di0est. 

Dry  matter  digest .-total  period  avc  . 

daily  gain 

Dr;;  matter  di  ^est  .-total  eriod  a;e. 

daily  feed 
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matter  di  tibility  with  average  backfat  thickness  were:  r^.03, 
r  =  .14  and  lor  a. parent  crude  protein  digestibility  with  average 
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The  liveweight  xength  measurement  was  found  to  be  correlated 

with  the  R.O.P.  carcass  length,  r  =  A7,  r  =.3 7  in  the  first 

t  e 

analysis  and  -  .55?  =  .51  in  the  second  analysis.  These 
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measured  in  this  experiment,  was  a  very  sensitive  indicator 
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measurement  of  greater  accuracy  could  be  useful  in  predicting 
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Table  12:  SUMMARY  OF  CORRELATION  COEFFICIENTS  FOR  TRIALS  1  AND  2 
RELATIONSHIPS  AMO  TIC  SELECTED  FSSDLOT  TRAITS. 
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Table  13:  SUMMARY  OF  CORRELATION  COEFFICI  :iNTS  FOR  TRIALS  1  AND  2. 

RELATIONSHIPS  AMONG  SELECTED  CARCASS  TRAITS. 
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Table  15:  SUMMARY  OF  CORRELATION  COEFFICIENTS  FOR  TRIALS  2  AND  3. 

RELATIONSHIPS  AUNG  3  CL  CTED  FEED  LOT  TRAITS. 


59 


T? 

O 

•H 

t-i 

O) 

PH 

i — I 

0 

p 

o 

EH 


t>. 

•  rH  T3 
CD  -H  0 
>  0  0 
CQlij 


o 

o 


o 


!>> 

0  *H  l 

>  cd  cd 
CP  c!> 


>2 

.  rH  <T3 
0  .H  © 
>00 
CQ  Ph 


>2 

•  H 

0  *H  »H 
>00 
C  Q  rh 


-P 

0  q) 

C)0  o  P4 

C  P  0 
0 


33 

33 

33 

05  05 

C  05 

to  to 

CO  rH 

05  O 

ID  03 

C  05 

CO  N 

O  CO 

tO  ID 

CO  CN 

CO  ^ 

1  1 

ID  ID 

3 

^  CN 

C  05 

tO  CO 

O  «H 

CN  rH 

•  • 

•  • 

1  1 

31 

33 

03  tO 

ID  -tP 

03  C 

to  to 

to 

•  • 

05  tO 

•  • 

3 

33 

05  rH 

tO  o 

05  c 

to  tO 

rH  <D 

ID  O 

o  o 

03  CN 

CO  ID 

•  • 

•  • 

•  • 

1  1 

33 

M 

$ 

C  05 

tO  CN 

CN  I-H 

ID  O 

ID  IN 

CN  CN 

1  1 

>2 

>2 

rH 

rH 

0 

•H 

•H 

•  *H 

0J 

0 

0 

P  0 

O 

P 

p 

rH  P 

0 

•  0 

•  p 

o  . 

0 

0  -H 

0  0 

O  P 

Ph 

>  0 

>  0 

0 

rH  rH 

<  c5 

<J  Ph 

o 

rH 

p 

i  p 

0 

0  cn 

0 

P 

r#  0 

o  0 

o 

C  Eh 

C  Ph 

Eh 

00  rH 
IN  rH 

c  c 


C  iH 

co  o 

rH  rH 


i  i 


s 

CO  rH 
IN  CO 
CO  rH 


3 


tO  to 
CO  CO 

rH  O 


I 


3 


t 

C  i — I 

IN  O 
CO  03 


I  I 


s 

c  co 

C  IN 

CO  o 


3 


M 

o>  c 

05 

03  <H 


I 


3 


c  co 
o  to 
to  o 

•  • 
I 


CN  rH 

O  o> 

C  rH 

•  • 

I  I 


CO  o> 

o>  co 
to  co 

•  o 

I  I 


^  00 
to  in 
to  o 


to  O 

a  c> 

tO  rH 


ID  05 
00  IN 
rH  O 


ID  O 

03  C 

C  rH 


I 


00  o 

CN  05 
C\2  i — I 


I  I 


O  CO 

c  o 


I  I 


CV3  O 

CO  o 
^  o 


c  to 

00  IN 
C  (XI 


03  -tf 
CO  00 
03  i — I 


I 


C  to 

IN  O 
O  rH 


I  I 


3 

o  o 

03  00 

^  o 


I  I 


c 

rH  ID 
^  CN 
03  <H 


ID  ID 
i — I  C 

CO  CO 

•  • 

I 


05  to 

03  GO 

C  rH 


rH  CN 
C  C 
O  rH 


I  I 


cjOp 
0  0 
•rH  © 
CO  O 

cn 

0  u 
0  0 
P  Ph 


CO 

cn 

0 

o 


Ph 


Pi 

0 

•|o 


,0 

P 

X 

0 

0 

P 


P4 

o 

0 

CQ 


0  +3 
>  0 
C  Ph 


0  0 

•rH  0 

33 


o 

op 


32 

P  o 
o  o 
Eh  CO 


a 

0 

0 

p  o 

p  p 
0  0 
Ph  C 


0 


l  P 


0 

.  ' 

0  p 
>  0 


*  * 

•  ♦ 

•  • 

1 

• 

!.  . 

«  •  •  *  •  a 

• 

.  * 

• 

^  «  .11 

)  1 

• 

*  * 

• 

| 

-  • 

»  •» 

«  o 

•  « 

*  • 

•  •  •  •  •  * 

•  u  *  » 

1  1  1 

, 

t 

*  * 

1  1 

•  * 

* 

• 

• 

« 

• 

1 

• 

Table  16:  SUMMARY  0?  CORRELATION  COEFFICIENTS  FOR  TRIALS  2  AND  3 

RELATIONSHIPS  AMONG  SELECTED  CARCASS  T  (AITS. 
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RELATIONSHIPS  OF  SELECTED  TRAITS  VI  TH  FAC  FAT  PROBES. 


61 


to 


0  -p 

CD  .h  CO 
tl  ®  ® 
£J  -P  CtC 
H  O  yH 
o 

Ph 


-P 

Pi  co 

0  -P  CC 
C5  -P  *H 

S?5 


0  • 

S>  .-P 


,0 

-p 

CtC 

0 

0 

1—3 


oo 

0 

.o 

o 

Pi 

Pi 


0 

-H 

o 

PI 


Pi 

0 

-P 

0 

a 

i 

a 

0 

0 

pi 


o 

0 

P  ■ 


• 

Pi 

ref 

> — I 

cS 

0 


o  o 

LO  i — I 

to  in 


t 


CO  ^ 

in  to 

tO  02 


tt 

o  o 

£S  O 

to  to 


o  to 
to  o 
to  ^ 


tt 

I — I  'tH 
i — I  ts 

t>  to 


• 

0 

0 

> 

no 

PI  0 

r— j 

+3  O  -p  -H  P>  fip 

0  :>= 

3 

0  0  0  O  0  0  0 

•H  -P 

r^f 

r0  Pi  pQ  Pi  PI  Pi  P3P, 

0  -H 

O 

-P  rH 

•H 

O  «rH 

0 

•  • 

0 

0 

m 

Pi  *h 

Pi 

m 

•  ,0 

-p 

0 

P  -P 

0  0 

i — l 

o 

.  taC 

'0  0 

0 

0 

o  ^ 

0  tj£ 

-P 

0 

•  0) 

0  *H 

O 

o 

«  PI 

O  Q 

Eh 

n 

IN  02 
O  ^ 
tO  to 


a 

to  IS 

t>  ”tfl 

^  o 


I  I 


* 

in  ts 

i— i 

02  CO 


I  I 


0 

•H 

0 

tT) 

N 

rH 

•H 

Cfl 


•# 

a 

O'*  r— i 

CO 

in  rH 


o  to 

02  <H 
O  O 


I  I 


>> 

iH 

•rH 

0 

Q 

•  TO 
0  0 
>  0 
Aj  p 


02  IS 

in  ^ 

02  O 


0 

pl3 

0  (3 

Pi 

*0 
0 
0 
0  O 
Ph  Pi 


% 


0  0 
•rH  ® 

.94? 


% 


Total  R.O.P.  .  157  .  358 

Score  -.034  -.200 


1 

I 


' 


. 


Table  18:  3UMMAR  OF  CORRELATION  Cl  1FFIC3  '  -  OR  TRIAL  4. 
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Dil I erences  in  _eeclot  performance  and  carcass  character¬ 
istics  of  swine  in  these  experiments  appeared  to  be  caused  by- 
differences  in  the  amount  of  energy  available  for  growth  after 
maintenance  requirements  had  been  met,  and  differences  in  the 
type  of  tissue  produced  in  growth. 

The  analysis  of  variance  revealed  that  pigs  gained  faster, 
required  less  feed  4 er  _ ound  of  gain  and  had  fatter  carcasses 
in  the  summer  feeding  teriod  than  in  winter,  probably  because  of 
lower  maintenance  re juirements  in  the  summer.  A  comparison 
of  restricted  and  liberal  feeding  regimes  revealed  that  growth 
was  less  rapid,  efficiency  of  feed  utilization  was  improved, 
and  carcasses  were  leaner  under  restricted  feeding.  The  improver, 
efficiency  of  feed  utilization  was  probably  due  to  the  production 
of  proportionately  more  lean  tissue  under  restricted  feeding 
than  under  liberal  feeding. 

Under  liberal  feeding  it  was  found  that  those  pigs 
consuming  more  feed  had  higher  average  daily  gains,  because  they 
had  an  excess  of  nutrients  over  maintenance  requirements.  The 
positive  correlations  between  average  daily  feed  and  average 
backfat  thickness,  between  average  daily  feed  and  feed  per  pound 
gain,  and  between  feed  per  pound  gain  and  average  backfat 
thickness  suggested  that  most  of  the  excess  nutrients  were 
stored  as  fat  tissue.  The  efficiency  ol  feed  utilization 
resulting  irom  a  greater  proportion  of  nutrients  being  used 
for  growth  was  more  than  onset  by  the  xact  that  fewer  pounds 
of  growth  were  produced  irom  the  excess  nutrients,  si.-ce  xat 
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tissue  had  a  greater  energy  content  than  lean  tissue. 

Under  restricted  feeding,  females  gained  faster,  on  less 
feed,  and  had  leaner  carcasses  than  males  su  jesting  t  lat 
females  had  lower  maintenance  requirements  and/or  pro  uced 
relatively  more  lean  than  fat  tissue  as  compared  to  males. 

Under  liberal  feeding,  males  had  higher  average  daily  gains, 
greater  feed  requirements  per  pound  of  gain  and  fatter  carcasses 
than  females,  likely  because  of  their  greater  feed  consumntion 
and  consequent  availability  of  more  nutrients  for  growth. 

The  causes  of  the  differences  in  growth,  efficiency  and 
carcass  characteristics  between  sires  were  inseparable,  but 
certain  relationships  suggested  one  explanation  to  be  more 
probable  than  others.  lor  instance,  the  nigs  from  Lan  race 
sire  340i'j,  under  both  feeding  regimes,  had  some  of  the  larger 
loin  areas  and  thinner  backfat  measurements,  while  their  feed 
consumption  was  relatively  low,  suggesting  tnat  their  higher 
average  daily  gains  and  lower  feed  requirements  were  due  to 
their  production  of  relatively  more  lean  tissue.  on  the  other 
hand,  pigs  sired  by  i^andrace  50M,  under  both  feeding  regimes, 
had  some  of  the  smaller  loin  areas  an  thicker  backfat  measure¬ 
ments,  indicating  that  their  lower  average  daily  gains  and  higher 
feed  requirements  under  restricted  feeding,  and  hi  her  average 
daily  gains  and  feed  requirements  under  liberal  feeding,  were 
due  to  their  production  of  a  higher  ronortion  of  fat  to  lean 
tissue  than  was  the  case  for  the  pigs  sired  by  340K.  Their 
avera,  e  daily  consumption  of  feed  on  trial  3  was  the  great  st 
of  all  sire  groups,  giving  them  a  greater  excess  of  nutrients 
for  growth,  which  they  apparently  stored  as  fat  tissue.  In 
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this  instance  there  seems  to  be  some  tendency  for  igs  to  eat 
to  supply  an  inherent  energy  requirement. 

The  use  of  the  "Lean-meter"  to  determine  backfat  thickness 
was  fairly  successful,  in  i  eating  t  at  this  instrument  could  be 
a  useful  tool  in  swine  improvement.  A  body  length  sur  ent 
was  indicative  of  the  carcass  length,  however,  further  refinements 
of  the  technique  of  obtaining  the  body  length  would  be  required 
for  this  measurement  to  be  used  in  aredicting  carcass  length. 

The  fat/ lean  ratio,  involving  backfat  thickness  and  loin 
area,  showed  no  superiority  over  total  R.O.H.  score  nor  average 
backfat  thickness  as  an  in  cator  of  other  carcass  traits. 

Apparent  digestibile  dry  matter  and  apparent  digestible  crude 
protein  differed  only  between  the  levels  of  daily  feed  intake. 
However,  it  was  not  determined  whether  the  retention  or  nutrients 
oy  ohe  body  was  significantly  different,  as  the  excretion  of 
metabolic  products  could  have  been  higher  under  liberal  feeding, 
indicating  the  lower  apparent  digestibilities. 

Under  a  system  of  restricted  feeding,  those  pigs  having  the 
highest  average  daily  gains  were  more  efficient  in  their  use  of 
feed,  had  thinner  backfat  and  tended  to  have  larger  lo^n  areas. 
Hence,  selection  pressure  for  high  average  daily  gain  under  a 
system  of  restricted  feeding  would  be  expected  to  increase 
efficiency  of  feed  utilization,  to  lower  average  beccfat  thickness 
and  to  at  least  maintain,  if  not  increase,  loin  area.  Under 
systems  of  non-restricted  feeding,  the  fastest  gaining  nigs  were 
the  least  efficient,  tended  to  have  thicker  backfat  and  had  the 
Smallest  loin  areas.  Je lection  -ressure  for  high  average  daily 
gain  under  these  systems  would  be  expected  to  cause  a  decrease  in 
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efficiency  of  feed  utilization  and  loin  area,  while  backfat 
thickness  would  tend  to  increase.  The  rate  of  change  of  these 
traits  with  a  change  in  average  daily  gain  would,  of  course, 
depend  upon  their  genetic  correlation  to  average  daily  gain. 

It  would  appear  iron  me  results  of  this  experiment  that 
testing  of  swine  under  a  system  of  restricted  feeding  has  merit 
in  that  the  desirable  feedlot  performance  traits  and  carcass 
characteristics  would  be  found  in  the  same  individuals.  The 
comparison  of  sire  groups  under  restricted  and  liberal  feeding 
showed  that  the  best  group  under  restricted  feed  was  also 
one  of  the  better  groups  under  liberal  feeding,  while  one  group 
that  gained  poorly  under  restricted  feeding  reversed  their 
position  under  liberal  feeding  by  expressing  their  ability  to 
consume  a  greater  amount  of  feed,  although  this  was  at  the 
expense  of  efficiency  and  carcass  leanness.  The  ultimate  choice 
bBtween  the  two  systems  of  testing  swine  would  depend  upon  the 
importance  of  differences  in  voluntary  feed  consumption  in  swine 
performance . 
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